The measured value of 1.80 MeV 2 -1 -cm -g is within 6% of the calculated value.
I.

Introduction
Some new calorimetric methods having general application have been devise3l' 2 and applied to an absorbed-dose calorimeter at the National Bureau of Standards (NBS). One feature of this calorimeter is that it is small and can be transported relatively easily. This report describes its first use as a field instrument.
It also describes the first calorimetric absorbed dose measurements made in a high-energy (19.5 GeV) electron beam at the Stanford Linear Accelerator Center (SLAC). The calorimeter was-constructed as part of an NBS program to measure absorbed dose for electron and photon beams of energies up to 50 MeV, but this report indicates that there is no apparent upper limit to the beam energy for which a calorimeter can be used.
The use of this calorimeter at SLAC introduced less favorable conditions than those ordinarily encountered. The ambient temperature fluctuations were large, the dose rate was small and the electron beam was smaller in cross set tion than the calorimetric absorber.
Since the number of incident electrons was monitored during the absorbed dose measurements, an interesting result was a direct determination of the mean energy deposition per electron in a carbon absorber of known dimensions.
The measured energy loss is found to agree with a calculation of energy loss to within six percent.
II. Calorimeter Description
The calorimeter is designed to decrease effects of four types of thermal gradients, and to permit rapid measurements. * Figure 1 shows a side view cross section of the assembled carbon (graphite) components. Figure 2 is a * A detailed description of the calorimeter and its operation is in manuscript.
-2-disassembled view of its internal structure, the core, jacket, and shield. This thermally floating assembly is mounted in a hole of a temperature-regulated medizm ( fig. 3 ). The calorimetric core is 2 cm in diameter and 2.8 mm (452 mg/cm2) thick, and its heat capacity is equal to that of the jacket. Temperature responses are,observed in the core during beam irradiation, and they are automatically summed in the core and jacket during electrical calibration.
The narrow beam first passes through the mylar and carbon windows, and then through the shield and jacket caps, which is a total thickness of 638 mg/cm2.
The calorimeter, its measurement and control circuits, amplifier, vacuum gauge and 35-meter cable lengths were easily transported. A strip chart recorder, digital voltmeter, decade resistor and vacuum pumping equipment were supplied by SLAC.
Speed of measurement depends upon how rapidly the calorimeter can be restored sufficiently near its initial equilibrium condition after a heating run.
This is the usual method of operation and the degree to which this can be attained depends on the power to be measured. The time usually required is several minutes when measuring calibration runs or high dose rate runs. The time increases as lower dose rates are to be measured. The bodies can be brought from room temperature to their separate equilibrium temperatures near 30°C in less than two hours.
III. Experimental Setup
The electron beam used for the calorimetric measurements was a primary beam from the SLAC accelerator. The beam was attenuated in a two-stage scatterer and collimator system and momentum analyzed to f 1%. The attenuation was such that a maximum beam intensity of lo6 electrons per pulse was attainable with a peak beam current of 10 mA. The beam cross section could The beam intensity was continuously monitored with a transmission ion chamber which was calibrated against a quantameter in the same beam4. By integrating the charge collected in the ion chamber during the period of a calorimeter run, we were able to determine the number of electrons which passed through the calorimeter during the absorbed dose measurements. The ion chamber charge integration was done with a high gain, feedback electrometer.
Alignment of the ion chamber in the beam was also done photographically. made when the temperature was changing at a rate about l'C/hour. The influence this had on the measurements is uncertain, but a laboratory test showed that a change in room temperature will produce a change in drift during the runs.
IV. Absorbed Dose Measurements
Nevertheless, considering the spread of the results, the performance of the calorimeter is considered to be satisfactory.
*Theoretical calculations, which assumed a constant beam intensity and background drift, verified the accuracy of the extrapolations. Approximately known irradiation and calorimetric parameters were substituted into a threebody solution, which resulted in heat loss corrections ranging from 7 to 17%.
The extrapolated values predicted by parabolic fits to the final cooling curves agreed within 0.2% with theoretical values derived by assuming no heat loss from the core.
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The calorimeter was tested at NBS in a large diameter and constant intensity beam of 6oCoy rays. The dose rate and exposure times were comparable to those%t SLAC , 0.12 rad/s applied from 15 to 24 minutes. The room temperature variation at NBS was 0.3' C/day. Measurements of the dose rate showed that the standard deviation of the mean was about l/2%. The measured dose rate at NBS agreed within 1% with that measured with an ionization chamber of known volume having dimensions similar to the calorimeter core.
V. Results
Of the nine calorimeter runs made in the 19.5 GeV electron beam, only seven were used in the calculation of absorbed dose per electron. Table 1 The rather large estimated uncertainty in the determination of Ne is caused by the uncertainty in the calibration of the monitor ion chamber. The percent standard deviation of the mean for 53 calibration points was 6.6%.
From the data tabulated in Table 1 
VI. Comparison with Theory
The energy deposited in the calorimeter core by 19.5 GeV electrons can be calculated by a consideration of energy loss mechanisms.
These electrons lose about 98% of their energy by generating bremsstrahlung, which escapes the core without further interaction. A calculation indicates that less than 0.1% of the total energy deposition in the core is due to bremsstrahlung. Consequently this mechanism is the local absorption of energy from low energy secondary electrons generated in the core and in the calorimeter components upstream from the core.
This energy was calculated in three steps. T' = kinetic energy of secondary electron, p^ = momentum of primary electron, e = generation of angle of secondary electron.
The second equality in equation (2) follows because T > > mc2 (so that pc > > mc2).
Let T' = Tk in equation (2), and in fig. 7 , let t (T', x) = R [T;(xi) , the range of an electron with energy TL. Then, solving (2) for cos 8 and comparing with .- fig. 7 :
Equation ( This integral was evaluated numerically, * using X = 452 mg/cm2, and the result is 6 A = 0.718 MeV/electron. The second step in calculating energy deposited in the core is to account for energy deposited by secondaries generated in the core with energies larger than Tb, so that they escape from the core. This can be estimated from the
* The maximum value of TL in this integration was 1.1 MeV.
-9-where : +(T, T')dT' = Moller cross section for electron-electron collisions, $ (T') = mass stopping power for electrons with kinetic energy T', and T;Lzax = T/2 = 9.75 GeV.
The Moller cross section (ref. 6, p. 15) can be written:
The integral in equation (5) was evaluated numerically to give E e = 0.021 MeV/ electron.
The third step in calculating energy deposited in the core is to account for energy deposited by secondaries in the calorimeter components just upstream of the core. Figure 8 shows the geometry. The gaps between the window and the core are less than 1 mm and so we assume all escaping secondaries enter the core.
The energy deposited in the core can be calculated from the equation
This equation is very similar to equation (5) except that now t 5 --& and thus
X' -x a function of T' only, and X' = 638 mg/cm2.
Also we have d(T',x) = cos e .
Since some of the secondaries generated in this material will stop in the core, it is necessary to place some restrictions on g (T') and t(T') in equation (7). We do this in the following way: In all other cases we integrate equation (7) using tabulated values for F (T') and t(T') = se .
The result of this integration gives eW.= 0.029 ?+eV/electron.
It should be pointed out that the change in stopping power along the track of the secondaries has been ignored in the calculations. This will lead to an underestimate of the energy deposition. Energy deposition by secondaries generated in the air path upstream of the calorimeter has been estimated and is negligible. Likewise, the contribution of back-scattering is also negligible.
The total mean energy deposited in the core by a 19. A comparison between measured and calculated stopping power agrees to within 6%.
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8. Illustration of the distance travelled, t(T', x), by a secondary electron of energy T1 generated at position x in the core of thickness X.
Illustration of the geometry for the calculation of the correction factor eW.
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